New fusulinid data from the Kolosseum locality, central Spitsbergen, show the process of fusulinid evolution in transitional Middle to Upper Carboniferous beds of the Arctic region. This well-preserved fusulinid fauna provides a clear understanding of the nature of Moscovian-Kasimovian fusulinid evolution; particularly in the Arctic region. Fusulinid assemblages in the Moscovian/Kasimovian boundary beds in Spitsbergen show a predominance of representatives of the Protriticites-Montiparus-Rauserites lineage. Representatives of the Praeobsoletes-Obsoletes-Triticites lineage in Spitsbergen are very rare and occur later than in the stratotype region, the Russian Platform. Four fusulinid zones similar to zones in the stratotype area are defined upwards: Fusulinella bocki Zone, Protriticites ex. gr. ovatus-Quasifusulinoides quasifusulinoides Zone, Protriticites pseudomontiparus-Obsoletes obsoletus Zone and Montiparus montiparus Zone, respectively. Precise correlation of the Moscovian/Kasimovian transition of Spitsbergen to adjacent areas (Northeast Greenland and Canadian Arctic) as well as with the Moscovian-Kasimovian of the region of the Moscow basin, Spain, and Carnic Alps is suggested. The Moscovian/Kasimovian boundary of Eurasia is approximately correlative with the Middle Desmoinesian (base of DS-3 fusulinid zone of Wilde 1990) of North America. Data from Spitsbergen are of great importance for resolving the problem of Middle/Upper Carboniferous boundary recognition regarding fusulinid phylogenies. Davydov, Vladimir I., All
INTRODUCTION
The problem of Moscovian/Kasimovian boundary recognition has been considered for several years by the Moscovian/Kasimovian Working Group (formerly WG 5) of the Subcommission on Carboniferous Stratigraphy (SCCS) (Villa et al. 1994) . The efforts of the WG members from different areas have concentrated on working out detailed biozonation in the boundary beds and tracing this zonation as widely as possible. The fusulinid faunas of Spitsbergen have important paleobiogeographic implications as they act as faunal links between the diverse faunas known from Russia (e.g., Russian Platform, Timan-Pechora Basin and Urals) in the east and Northeast Greenland (Wandel Sea Basin) and the Canadian Arctic (Sverdrup Basin) in the west. These basins were included in the Franklinian Shelf in fusulinacean paleobiogeographic reconstruction of Ross (1995) . New fusulinid data from Spitsbergen are regarded as being of great importance for resolving the problem of the Middle/Upper Carboniferous boundary recognition.
LITHOSTRATIGRAPHY AND MATERIAL
The present Middle-Upper Carboniferous and Lower Permian lithostratigraphy for central Spitsbergen is based on Cutbill and Challinor (1965) and Dallmann et al. (in press) (Figure 2 ). This succession is assigned to the Gipsdalen Group and is dominated by carbonate and evaporite sequences with minor clastic input.
In the investigated area of central Spitsbergen, the Gipsdalen Group is represented by the Wordiekammen and Gipshuken Formations. This study is based on fusulinid samples from the Kapitol Member of the Wordiekammen Formation.
The Kolosseum section is located in the western part of the Nordfjorden High, central Spitsbergen (Figure 1 ). At this locality the Middle-Upper Carboniferous Kapitol Member rests unconformably on Devonian strata. Fusulinid-bearing rocks of the Kolosseum section were sampled every 1-3 m in the Moscovian/Kasimovian boundary beds, and every 5-10 m elsewhere ( Figure 3 ).
More than150 thin-sections with oriented fusulinids were prepared for this study. Seventy-two species of 14 genera of fusulinids were identified (Figure 4 ).
Quasifusulinoides are first found in upper Myachkovian deposits, i.e. those younger than Fusulinella bocki fusulinid Zone (Rauser-Chernousova et al. 1951; Rauser-Chernousova and Reitlinger 1954; Davydov 1997a ).
FUSULINID ZONES IN THE KOLOSSEUM SECTION (continued)
inner layer which is homologous to an 5 inner tectorium. This inner layer shows a gradual merging of diaphanotheca and inner tectorium, providing an indistinct boundary between these layers ( Figure 6 .5A). Fusiella in this bed are more developed than in the previous assemblage, being of larger size, having a larger number of volutions, and a more elongate shell. In the Moscow Basin these species of Protriticites, Quasifusulinoides, and Fusiella occur in the Peskovskaya Formation of Upper Myachkovian age.
At 79.0 m the fusulinid fauna is almost the same. Fusulinella, Pseudofusulinella, Quasifusulinoides, Protriticites and transitional forms between Fusulinella and Protriticites occur. Quasifusulinoides in this bed have well-defined pores in the inner tectorium, but the diaphanotheca is still discernable. Pores in the diaphanotheca are only weakly developed. In the Fusulinella-Protriticites lineage there occur forms with a thickened inner tectorium traversed with coarser pores and a distinct diaphanotheca.
The peculiarity of this assemblage is the domination of Quasifusulinoides and Protriticites, and the absence of Praeobsoletes, which dominates at the same level in the stratotype area. The assemblage shows close affinities to fusulinid fauna from the Peskovskaya Formation of the stratotype area, which form the upper part of the Myachkovian Horizon in the Moscow Basin (Rauser-Chernousova et al. 1951; Rauser-Chernousova and Reitlinger 1954; Makhlina et al. 1984; Davydov 1997a (Villa et al. 1993 ) and in Carnic Alps (Krainer and Davydov, 1998) .
Rare Pseudofusulinella usvae are present in this assemblage. Studied specimens of this species appear to be more advanced than in underlying beds as they are larger in size, slightly more elongate, and exhibit tighter coiling.
Based on fusulinid composition of the assemblage and the fusulinid distribution in the section, the zone under discussion fully corresponds to the Protriticites pseudomontiparus-Obsoletes obsoletus Zone of the Krevyakinian Horizon of the Moscow region (Davydov 1997a) . Similar assemblages are also reported from the Lower Kasimovian of the Urals, Timan-Pechora Basin, Donets Basin, Central Asia, Northern Timan, Cantabrian Mountains and Carnic Alps (Scherbakov et al. 1984; Kireeva 1950 , Davydov 1984 , 1990a , 1990b , 1992 , 1997a , 1997b Konovalova 1991; Remizova 1997; Bensh 1972; Villa et al. 1994; Davydov and Krainer, in press ).
Montiparus montiparus Zone (Figure 9) Definition of biozonal limits. The base of this zone is defined by the first appearance of Montiparus. The top of the zone is not defined due to lack of productive samples in this part of the section (Nilsson 1993) .
Reference section. At 95.5 m in the Kolosseum section, central Spitsbergen ( Figure 4 ). Davydov 1990a Davydov , 1990b Davydov , 1992 Davydov , 1997a Davydov , 1997b Remizova 1997; Villa et al. 1994; Krainer and Davydov, 1998) .
DISCUSSION AND CORRELATION
The Middle/Upper Carboniferous boundary in the stratotype area of the Moscow Basin is placed at the base of the Krevyakinian Horizon (Ivanov 1926 , Dan'shin 1947 ) ( Figure  10 ). This boundary was traditionally defined by fusulinids in the 1950's (Rauser-Chernousova et al. 1951; Rauser-Chernousova and Reitlinger 1954; Rauser-Chernousova and Scherbovich 1974; Ivanova and Khvorova 1955) , and the base of the Protriticites pseudomontiparus-Obsoletes obsoletus Zone was assigned to correspond to the base of the Kasimovian (i.e. base of Krevyakinian Horizon). This definition is accepted and widely used.
Former Soviet Union
In the Russian Platform, Timan-Pechora Basin, Urals, Donets Basin and Central Asia the Middle/Upper Carboniferous boundary is defined by the first occurrence of Obsoletes and accompanying advanced Protriticites and Quasifusulinoides (Rauser-Chernousova and Scherbovich 1974; Davydov 1986 Davydov , 1990a Davydov , 1990b Davydov , 1997a Davydov , 1997b Konovalova 1991; Remizova 1995) . However, representatives of the latter two genera first appear in the underlying upper Myachkovian beds (i.e. uppermost Moscovian). Protriticites, Quasifusulinoides, and Obsoletes can be identified only if their tests are well preserved. Even slight recrytallization hampers recognition of these genera. Some specialists deny the independence of these genera for this reason (Villa et al. 1993) . Distinct changes in fusulinid wall structure (i.e., well-defined trabecularity of keriotheca) are observed at the base of the Montiparus montiparus Zone, and some investigators prefer therefore to place the Moscovian/Kasimovian boundary at the base of this zone (i.e., at the base of the Khamovnichenian Horizon in the stratotype section of the Moscow Basin area; Remizova 1997; Villa et al. 1993 ).
The problem of the Moscovian/Kasimovian boundary has recently been discussed by Davydov (1997a) . Several variations of the Moscovian/Kasimovian boundary position were considered: (Villa et al. 1997; Davydov 1997a ).
Based on evidence mentioned above, we can conclude that the Moscovian/Kasimovian boundary problem still is unresolved in the stratotype area and the boundary therefore should be left at an accepted level, i.e. at the base of the Krevyakinian Horizon, that corresponds to the base of the Protriticites pseudomontiparus-Obsoletes obsoletus Zone and base of Streptognathodus subexcellsus conodont Zone.
Spain
In the Cantabrian Mountains lower Myachkovian assemblage with Fusulinella bocki occur in the middle portions of Picos de Europa Formation (Villa et al. 1997 ). In the upper portion of this formation, primitive Protriticites first appear together with conodonts resembling Streptognathodus subexcellsus. The base of the Kasimovian is established based on the occurrence of Protriticites pseudomontiparus and other advanced Protriticites, and by the first appearance of Praeobsoletes. First Obsoletes occur together with Montiparus (i.e., higher in the section than in the stratotype area). The same phenomena is observed in the Kolosseum section at Spitsbergen, where Praeobsoletes and Obsoletes appear slightly later than in the stratotype area.
Carnic Alps
The lower most portion of the Upper Paleozoic succession in the Carnic Alps has been restudied recently (Krainer and Davydov 1998 
Canadian Arctic
In the Canadian Arctic (Sverdrup Basin) fusulinids from the Middle/Upper Carboniferous boundary beds are reported by Rui Lin et al. (1991) , Nilsson (1993) and Rui Lin and Nassichuck (1994) . An upper Moscovian Fusulinella eopulchra assemblage, a lower to middle Kasimovian Protriticites-Pseudofusulinella ex. gr. usvae assemblage and an upper Kasimovian Rauserites aff. quasiarcticus assemblage are recorded from the Canyon Fiord Formation (Nilsson 1993 (Davydov 1988; Brenckle and Whalman 1993; Groves and Whalman 1997) . Also in Spitsbergen Nodosaria has not been reported in beds older than Krevyakinian (Nilsson and Davydov 1992) . "Fusulinella" eopulchra Zone of Rui Lin et al. (1991) is therefore partly of early Kasimovian and may be middle Kasimovian in age.
Rui Lin and Nassichuk (1994) (Figure 11 ).
In Eurasia Fusulinella predominates at the end of the Myachkovian. It is simultaneously displaced by Protriticites and Praeobsoletes, that later are gradually followed by Montiparus and Rauserites in the first line (Figure 11) , and by Obsoletes and Triticites in the second one respectively (Davydov 1990b (Villa et al. 1994) . This ammonoid assemblage is correlative with the Wewoka Formation of the middle Desmoinesian. According to Boardman et al. (1990) , Dunbarites, Prouddenites, and Wewokites occur within the Marmaton Group, and these genera also correspond to the Desmoinesian. This enables correlation of the middle and upper portion of Marmaton Group with the Lower and Middle Kasimovian of the Russian Platform.
The proposed correlation is also supplemented by conodont data. Conodonts in the Moscovian and the Kasimovian are also inadequately studied, especially in North America. Streptognathodus exelsus and St. oppletus, that occur in the Krevyakinian in the Moscow Basin (Alekseev et al. 1994; Villa et al. 1997) , are also known in the Desmoinesian of North America (Merrill 1975) . Idiognathodus saggitalis Kosenko, that is characteristic of the upper part of the Khamovnicheian and Dorogomilovian in the Moscow Basin (Alekseev et al. 1994) , occurs at the base of the Missourian in North America (Barrick et al. 1996) . These observations also suggest an approximate correspondence of Upper Desmoinesian and Lower-Middle Kasimovian strata.
To compare the above-mentioned Eurasian zonation and North American fusulinid zonation of Wilde (1990) , it is possible to conclude that the Fusulinella bocki Zone approximately corresponds to DS-1 of the Desmoinesian. The Rauserites quasiarcticus Zone can be correlated with MS-1 of the Missourian. According to their position in the section, the Protriticites ovatus-Praeobsoletes burkemensis, Obsoletes obsoletus-Protriticites pseudomontiparus and Montiparus montiparus zones correspond to DS-2, DS-3, DS-4, and DS-5 zones of the Desmoinesian, respectively.
Recent data from the Arctic region support this correlation. In the lower and middle Kasimovian of Northern Timan and Kolguev Island Wedekindellina occurs (Remizova 1995; Davydov 1997b) . This type of Wedekindellina in North America is known from the middle Desmoinesian. Also, occurrences of Plectofusulina and Oketaella in the lower Kasimovian of Kolguev Island were reported recently (Davydov 1997b ). Both genera previously were known only in North American sections. Plectofusulina first appears in the middle Desmoinesian and range to Missourian. Oketaella ranges from Missourian to the Permian. Therefore Arctic sections are perhaps the key to solving the problem of correlation of Upper Carboniferous between Russian Platform and North America.
CONCLUSIONS
The recorded fusulinid assemblages in Moscovian/Kasimovian boundary beds in the Kolosseum section (Spitsbergen) correspond well to established fusulinid zones in the stratotype region of the Russian Platform. (Rosovskaya,1952) 
